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What is already known? 25 
- Sedentary time is associated with an increased risk of mortality and cardiometabolic 26 
disease in older adults.  27 
What are the new findings? 28 
- Self-report tools underestimate total sedentary time in older adults, but they provide 29 
context to the behaviour. 30 
- There are specific associations of sedentary time with geriatric-relevant health outcomes 31 
such as physical function, cognitive function, mental health, and quality of life, but the 32 
relevant evidence base is modest and derived primarily from cross-sectional data.  33 
- Some cognitively engaging sedentary behaviours – reading, using the internet, socializing 34 
– may benefit geriatric-relevant health outcomes. 35 
- Interventions that target reducing sedentary time in healthy, community-dwelling older 36 
adults appear to be feasible, but few have appropriately assessed the impact on geriatric-37 
relevant health outcomes. 38 
  39 
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ABSTRACT 40 
Sedentary time (ST) is an important risk factor for a variety of health outcomes in older adults. 41 
Consensus is needed on future research directions so that collaborative and timely efforts can be 42 
made globally to address this modifiable risk factor. In this review we examined current 43 
literature to identify gaps and inform future research priorities on ST and healthy ageing. We 44 
reviewed three primary topics: (1) the validity/reliability of self-report measurement tools, (2) 45 
the consequences of prolonged ST on geriatric-relevant health outcomes (physical function, 46 
cognitive function, mental health, incontinence, and quality of life), and (3) the effectiveness of 47 
interventions to reduce ST in older adults.  48 
Methods: A trained librarian created a search strategy that was peer-reviewed for completeness. 49 
Results: Self-report assessment of the context and type of ST is important but  the tools tend to 50 
underestimate total ST. There appears to be an association between ST and geriatric-relevant 51 
health outcomes, although there is insufficient longitudinal evidence to determine a dose-52 
response relationship or a threshold for clinically relevant risk. The type of ST may also affect 53 
health;  some cognitively engaging sedentary behaviours appear to benefit health, while time 54 
spent in more passive activities may be detrimental. Short-term feasibility studies of individual-55 
level ST interventions have been conducted; however, few studies have appropriately assessed 56 
the impact of these interventions on geriatric-relevant health outcomes, nor have they addressed 57 
organization or environment level changes. Research is specifically needed to inform evidence-58 
based interventions that help maintain functional autonomy among older adults.   59 
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INTRODUCTION 60 
Sedentary behaviour is defined as any waking behaviour in a seated or reclining posture, 61 
with a low energy expenditure (≤ 1.5 METS).(1) The time spent in these behaviours, that is, 62 
sedentary time (ST), has emerged as an important determinant of health in the last decade.(2) 63 
Among older adults ST is high, with the majority accumulating 8 or more hours/day. (3, 4) A 64 
systematic review of studies from 10 countries found that older adults accumulate an average of 65 
9.4 hours/day of ST.(5) Based on current evidence, older adults are the most sedentary of any 66 
other age group.(6, 7) While a considerable amount of research has been done to identify the 67 
determinants of ST among older adults,(8) more work is needed to understand the effect of ST 68 
on healthy ageing. We sought to develop an international consensus statement to summarize the 69 
current state of the evidence and guide future research in the area of ST and healthy ageing. As 70 
part of this process, a review of the literature was conducted to help inform the consensus 71 
statement.(9) 72 
Several longitudinal studies of older adults have demonstrated that all-cause mortality has 73 
a graded, inverse relationship with self-reported total ST and TV time.(10) Keadle et al.(11) 74 
found that older adults who watched 5 or more hours/day of TV had a 28% higher risk of 75 
mortality over 6.6 years than those who watched less than 3 hours/day. There is also a growing 76 
body of  cross-sectional evidence that indicates an association between ST and cardiometabolic 77 
risk factors such as metabolic syndrome and obesity; these associations have been previously 78 
reviewed.(10) While these outcomes are important, the major categories of impairment in older 79 
adults are not cardiometabolic in nature.  80 
The term “geriatric syndromes” refers to multifactorial conditions that are common 81 
among older adults but do not fit clearly into specific categories of disease. These include 82 
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instability and falls (mobility impairment), frailty, cognitive impairment, dizziness, urinary 83 
incontinence, and depressive symptoms.(12-15) These geriatric syndromes have a major impact 84 
on quality of life, independence, and longevity.(12, 13, 16) Bowling et al. (16) conducted a 85 
longitudinal examination of nondisease-specific geriatric syndromes including cognitive 86 
impairment, depressive symptoms, falls, and impaired mobility. They found a graded increase in 87 
hazard ratios for all-cause mortality with each additional condition that was present. (16) 88 
Recently, Koroukian et al. (14) examined the combinations of chronic conditions, functional 89 
limitations, and geriatric syndromes that predict poor health in older adults. Using a 90 
representative sample of more than 16,000 older adults, they showed that functional limitations 91 
and geriatric syndromes were stronger predictors of poor self-reported health and 2-year 92 
mortality than the presence of chronic conditions such as diabetes or heart disease.(14) Thus, 93 
these nondisease outcomes are just as relevant to an older population. 94 
While the association of ST with mortality and chronic disease has been reviewed 95 
elsewhere,(10) the association between ST and geriatric-relevant health outcomes is relatively 96 
unexplored. Furthermore, the evidence on ST interventions has not been previously reviewed. 97 
Thus, the goal of this review was to explore the consequences of prolonged ST on geriatric-98 
relevant health outcomes and the effectiveness of interventions to reduce ST among older adults.  99 
In this context, accurate measurement of ST is critical; thus, we also reviewed the evidence of 100 
the accuracy of self-report ST measures among older adults. 101 
 102 
METHODS 103 
 Although this is a narrative review, the literature was searched systematically. An 104 
experienced librarian created a search strategy that was reviewed for completeness and accuracy 105 
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by an independent librarian using Peer Review of Electronic Search Strategies. A search was 106 
conducted in Sport Discus, CINAHL, Medline, Embase, and PsycINFO on November 9
th
, 2015 107 
and the search was repeated on August 27
th
, 2016. Studies were excluded if they were a 108 
conference proceeding, abstract, thesis, report, systematic review or qualitative study design. 109 
Studies were included if the study population was ≥ 60 years which is consistent with previously 110 
published reviews in this area.(10, 17)  The United Nations defines an older person as 60+ years 111 
of age.(18)  112 
A two-phase screening process was used. In phase I, titles and abstracts were screened 113 
and classified as relevant, possibly relevant or irrelevant. In phase II, full text articles of possibly 114 
relevant articles were reviewed to determine whether they were relevant or irrelevant. All 115 
screening was done by the first (JLC) and last author (SD). All relevant articles were organized 116 
according to the three areas: validity and reliability of self-report measures, geriatric-relevant 117 
health outcomes, and ST interventions. Within the geriatric- relevant health outcomes, articles 118 
were categorized into physical function, cognitive function, mental health, incontinence, quality 119 
of life/wellbeing, and sleep. We also investigated age, sex, and gender differences in the 120 
associations between ST and health in older adults. 121 
It is important to note that ST is distinct from physical inactivity, which refers to a lack of 122 
moderate to vigorous physical activity(1).  Thus, studies were included if they specifically 123 
measured ST or participation in specific sedentary behaviours; they were excluded if they only 124 
assessed physical activity, even if they defined the lack of activity as “sedentary”. Studies of 125 
short-term bed-rest were also excluded.  126 
 127 
 128 
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Validity and Reliability of Self-Report Measures of ST in Older Adults 129 
To assess the effectiveness of interventions and the longitudinal associations between ST 130 
and health outcomes, valid measurement tools that are sensitive enough to capture changes in 131 
ST, and to measure ST duration and type accurately, are needed. While device-based measures 132 
of ST such as accelerometers or inclinometers have many advantages, such as being more 133 
objective and less prone to bias, self-report tools are more practical for population-based studies. 134 
Self-report is also valuable for providing context to the ST that is accumulated, and to identify 135 
specific sedentary behaviours. This is important as time spent in cognitively engaging sedentary 136 
behaviours, such as reading, socialising, or computer use, could have different effects on health 137 
outcomes compared to more passive sedentary behaviours, such as watching television.    138 
Nine studies that directly compared self-reported ST to device-based measures were 139 
identified through the search. Four of the studies were conducted in Europe, (19-22) three in 140 
Australia,(23-25) one in the USA, (26) and one in Brazil.(27) Cultural norms could influence 141 
perceptions of “sedentary behaviour” and should be considered in research using self-report. 142 
 Six studies used an ActiGraph accelerometer (20-22, 25-27) and one used an Actiheart 143 
accelerometer.(19) It should be noted that accelerometers cannot provide information about 144 
posture, which is an important part of the definition of ST. Thus, accelerometers also only 145 
provide an estimate of ST by quantifying lack of movement, and may not be an ideal criterion 146 
measure. An inclinometer can measure time spent sitting, lying, and standing, and was used by 147 
two studies.(23, 24) In most studies, lying time associated with sleep was excluded; this is 148 
important as the definition of ST refers specifically to waking activity.  149 
Each study assessed a different questionnaire. For the Epic Physical Activity 150 
Questionnaire (men n=813; women n=876), which assesses physical activity in four domains to 151 
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estimate physical activity energy expenditure and sedentary time (defined as ≤1.5 METs), only 152 
weak correlations (men: 0.17; women: 0.18) were observed with sedentary time in hours per 153 
day.(19) This tool underestimated ST more in women (34%) than in men (26%) when compared 154 
to a heart rate and movement sensor (Actiheart). A questionnaire using self-reported frequency 155 
and duration of sedentary behaviours in the past 7 days (n=442), was found to underestimate ST 156 
when compared to an accelerometer (ActiGraph); however, it overestimated ST among those 157 
who accumulated 640 minutes/day.(20) Of note, test-retest reliability was acceptable for TV 158 
viewing, computer use, driving, and total sitting time. Further, the correlations between the 159 
questionnaire and accelerometer data were stronger in older men than older women.(20) For a 160 
similar questionnaire on time spent in 10 sedentary behaviours on a regular weekday and regular 161 
weekend (n=83), total self-reported ST was underestimated, and correlated moderately (0.35) 162 
with accelerometer (ActiGraph) measured ST.(22) The reliability of six individual activities 163 
ranged from 0.31 (talking) to 0.85 (napping) in this study.  For the Measuring Older Adults’ 164 
Sedentary Time questionnaire (n=48), validity was acceptable (0.30) and test-retest reliability 165 
ranged from 0.90 for computer use to 0.45 for transport.(25) Self-reported ST underestimated 166 
accelerometer (ActiGraph) measured ST by 3.6 hours/day among those with average ST.(25) 167 
The Physical Activity Survey for Older Adults and the Community Health Activities Model 168 
Program for Seniors (CHAMPS) are widely used tools but both questionnaires were found to 169 
underestimate ST when compared to accelerometer data (ActiGraph). The CHAMPS 170 
questionnaire (n=58) underestimated ST by 5.21 hours/day.(26) The Human Activity Profile 171 
Questionnaire includes 94 activities that have variable energy requirements (low to high); it had 172 
a strong correlation (-0.47) with accelerometer (ActiGraph) measured ST (n=120).(27) For a 173 
questionnaire on hours/week spent in specific sedentary behaviours (n=1377), correlations with 174 
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accelerometer (ActiGraph) measured ST were weak; this was particularly true for men over the 175 
age of 80 years. Here again, the questionnaire underestimated daily ST (by 5.38 hours/day).(21)  176 
Only two studies compared self-report to measured sitting time from an inclinometer.  A 177 
7-day recall questionnaire on sedentary behaviours in five contexts, was found to underestimate 178 
ST in older adults (65-89 years) by approximately 3 hours/day when compared to an 179 
activPAL3™ inclinometer.(24) Furthermore, validity was found to be lower for adults aged 75 180 
and older compared to those aged 65 to 74 years.(24)  Aguilar-Farias et al.(23) assessed two 181 
different self-report tools in a small sample of older adults. They found that a single item 182 
question on total sitting time had a weak association (r = 0.13–0.33) with ST measured from an 183 
activPAL3™ inclinometer, and it underestimated ST. They also examined a 24-hour recall 184 
computer-delivered Multimedia Activity Recall for Children and Adolescents (MARCA), and 185 
found that in older adults it overestimated ST, and had a moderate correlation ( r = 0.49–0.67) 186 
with measured ST from the activPAL3™ inclinometer.(23)  187 
Conclusions: Self-report measures of ST for older adults 188 
Generally, self-reported measures of ST underestimated total ST when compared to 189 
measured ST. Validity and reliability for some sedentary behaviours (eg. TV time and napping) 190 
was better than others, and data suggest that there may be age and sex differences in accuracy of 191 
self-reported ST. It is important to note that questionnaires do not specifically ask about posture 192 
when engaging in certain behaviours and it is therefore simply assumed that when one is 193 
watching TV or reading that they are in a seated or reclined position. Furthermore, all of these 194 
studies only assessed the validity of self-report as measured against total ST, and none assessed 195 
movement throughout the 24 hours, that is, no measures obtained information on sleep, ST, and 196 
light to vigorous intensity physical activity, despite all these behaviours being interrelated and 197 
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having implications for health outcomes. Thus self-report tools should be validated for different 198 
movement behaviours across the 24 hours. Furthermore, the context of ST is crucial, as different 199 
types of sedentary behaviours may have different associations with geriatric relevant health 200 
outcomes; some could even be beneficial to outcomes such as cognitive function. It is unknown 201 
how accurate self-report tools are for identifying participation in different types of behaviours; 202 
unfortunately, currently available tools such as accelerometers cannot assess specific behaviours 203 
for validation. However, some combination of device-based and self-report measures might be 204 
able to address this limitation. Advances in technology are allowing the development of novel 205 
approaches to assessing the context of ST (ie: wearable cameras), but more research is needed to 206 
assess feasibility in larger studies.  207 
Associations of Sedentary Time with Geriatric-Relevant Health Outcomes 208 
Physical Function 209 
Mobility limitations have a significant impact on quality of life and independence, and 210 
can also result in functional limitations, and ultimately, disability (13). Impaired mobility is 211 
highly prevalent and is associated with more than double the risk of mortality among older 212 
adults.(16) In fact, functional limitations have been shown to be a stronger predictor of mortality 213 
than chronic conditions.(14) Nineteen studies were identified that examined the relationship 214 
between ST and function, with a variety of outcomes used to represent “function”. Most of these 215 
were cross-sectional studies of performance on functional tests (such as the timed up-and-go or 216 
chair rise test)(28-33), laboratory-based strength assessments (such as grip strength or leg 217 
power),(34, 35) or a combination of both.(36-38) Other outcomes were self-reported limitations 218 
within activities of daily living (ADL),(39-44) or falls.(45, 46) Only three of the studies were 219 
longitudinal.(41, 44, 46) For the assessment of ST, five studies used self-reported ST,(30, 36, 41, 220 
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45) several measured ST using accelerometers or similar devices,(28, 29, 31, 32, 35, 37-40, 42-221 
44, 46) and two used both.(33, 34)  222 
The majority of cross-sectional studies that used functional testing found that ST was 223 
inversely related to performance (28, 30-33, 37) or muscle strength.(37, 38) One study found no 224 
relationship between ST and grip strength (34) while others found that the observed relationship 225 
between ST and function was not significant after adjustment for moderate-vigorous intensity 226 
physical activity.(29, 38) In contrast to the majority of findings, one study reported a positive 227 
association between ST and lower leg extensor power;(35) it was suggested that this was due to 228 
the potential training stimulus provided by the higher body mass index observed in more 229 
sedentary participants. The pattern of ST accumulation may also be important; more breaks in 230 
ST are associated with better performance on functional fitness tests(28, 32) and lower odds of 231 
limitations in instrumental activities of daily living (IADL).(43)  232 
In terms of ADL, four cross-sectional studies found that greater ST was associated with 233 
greater limitations in ADL(39, 40, 43, 44) while one found that measured ST was not a predictor 234 
of risk of losing independence.(42) The only longitudinal study unexpectedly found that 235 
watching TV was protective against functional loss over 8 years, which is not consistent with the 236 
majority of literature on TV viewing.(41) Perhaps some types of TV, such as educational 237 
programming, provides stimulation that is beneficial to functional outcomes, although this 238 
question has not been addressed in any studies to date. This discrepant finding may also simply 239 
reflect a measurement issue, as TV time was not assessed with a validated measure, nor was total 240 
time spent watching TV assessed.(41)   241 
A cross-sectional analysis of falls found that self-reported prolonged sitting (>8 242 
hours/day) was independently associated with falls in the past 12 months and also mediated the 243 
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positive association between obesity and fall risk.(47) Accelerometer-measured ST was 244 
associated with fear of falling (33)and with risk of falls.(46) Jefferis et al.(46) conducted a 1-year 245 
prospective study of falls in older men and found that greater ST was related to higher risk of 246 
falls in a dose-dependent manner. This relationship was observed among men with mobility 247 
limitations but was not significant among men without mobility limitations.(46) 248 
Women live longer than men on average, and have lower absolute strength/fitness than 249 
men. Thus older women are more likely to live with functional impairments; this interaction 250 
between age and sex with physical function was confirmed by several studies.(32, 41, 42) To 251 
account for this, most studies of the relationship between ST and physical function adjusted their 252 
analyses for age and/or sex,(28, 31, 32, 36, 38, 40, 43) while others examined men and women 253 
separately or tested for a sex interaction (34, 35) or examined only one sex.(37, 44, 46) Several 254 
studies noted some important differences. Dunlop et al.(39) found a stronger relationship 255 
between ST and disability in ADL in older individuals and women. Chastin et al.(35) found an 256 
association of ST and breaks in ST with muscle function that was significant in older men but 257 
not older women. Marques et al.(42) found that based on self-reported ability to do ADLs and 258 
advanced activities (eg: vigorous sports/exercise activities), the risk of losing independence 259 
increased with age and was higher in women, but ST was not a significant predictor. They did 260 
find a significant interaction of both age and sex with moderate to vigorous intensity physical 261 
activity to predict loss of independence, such that physically active men have better odds of 262 
living independently than physically active women. In general, the relationship between ST and 263 
physical function may be greater in women and the oldest old. However, sex and age may not be 264 
the main modifiers, it may be that individuals with the greatest mobility limitations are more 265 
susceptible to the detrimental effects of ST.   266 
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Cognitive Function 267 
Cognitive impairment is a prevalent geriatric syndrome; it is estimated that globally, 5-268 
7% of people ≥ 60 years suffer from dementia (48).  There is great interest in identifying 269 
preventative strategies and both physical activity(49) and engaging cognitive activities(50) may 270 
help prevent cognitive decline. The role of ST in cognitive impairment is unclear and studying 271 
the effect of ST on cognitive function is complicated by the fact that many cognitively engaging 272 
activities are sedentary in nature.   273 
Fourteen studies of ST and cognitive function were identified; five were longitudinal or 274 
prospective study designs.(51-56) The cognitive outcome variables that were assessed included 275 
dementia or mild cognitive impairment (51, 54, 57) or performance on neurocognitive tests such 276 
as the mini mental state exam or memory tests.(33, 52, 56, 58-64) There were also three studies 277 
that measured brain structure or brain activity.(55, 65, 66) ST was assessed with an 278 
accelerometer in four of the studies(33, 55, 65, 66) while the others used self-report. However, 279 
not all reported total ST as an independent variable; four studies examined self-reported time 280 
spent watching TV(33, 56, 57, 63) while five simply asked about participation in a variety of 281 
sedentary pastimes, including reading, handcrafts, and visiting with friends.(51, 54, 58, 60, 62) 282 
While most studies controlled for age and sex in the analyses, none commented on whether 283 
interactions of ST with age or sex were significant.   284 
Greater total ST was associated with cognitive decline over 8 years (52)  and with 5-year 285 
decline in white matter volume.(55) Cross-sectional data also show an inverse association 286 
between ST and white matter integrity.(66) In contrast, two studies found that more self-reported 287 
total ST was associated with better cognitive function (33, 61). However, Rosenberg et al. (33) 288 
noted the size of the effect was small and only present in one of two cognitive tests. Furthermore, 289 
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Vance et al. (61) included sleep time in their measure of ST and sleep has a positive association 290 
with cognitive function.(67) This highlights the importance of separating sleep time in studies of 291 
sedentary behaviour. One study found that total ST was unrelated to brain activity.(65)  292 
Time spent watching TV was negatively associated with cognitive function in most 293 
studies.(54, 58, 63) One study found that higher TV time was associated with lower odds of mild 294 
cognitive impairment (MCI), although this finding was based on self-reported TV time from 295 
individuals with MCI, which may present issues with validity.(57) More cognitively engaging 296 
sedentary pastimes such as reading, using computers or doing puzzles may be associated with 297 
better cognitive performance(56, 60) and lower risk of dementia,(51, 54) although it is important 298 
to note that in most of these studies the dose of the activities was not defined. It is not known if 299 
the association between cognitive leisure activities and cognitive function is causal; it could be 300 
that higher socioeconomic status (SES) is associated with these activities and confounding the 301 
relationship. However, a longitudinal study showed that participation in leisure activities was 302 
associated with lower risk of developing dementia over 5 years independent of education 303 
level.(51)They suggested that participation in engaging leisure activities could increase cognitive 304 
reserve, thus delaying loss of cognitive function.(51) Conversely, one study found that greater 305 
frequency of socially or cognitively engaging pastimes was associated with lower executive 306 
function,(62) although TV time was included as one of the sedentary pastimes which may be 307 
influencing those results. Clearly, more research is needed to determine if different sedentary 308 
behaviours have differential effects on cognitive function. 309 
 310 
Incontinence 311 
16 
 
Urinary incontinence (UI) is a common geriatric syndrome that has a significant impact 312 
on quality of life and disability.(13)  Obesity and poor physical function are known risk factors 313 
for UI.(68) One study has examined the relationship between self-reported total ST and UI in 314 
older women and found no association.(68) This is an area that requires future research.  315 
Mental Health 316 
Moderate to severe depressive symptoms is a common geriatric syndrome that negatively 317 
impacts both functional abilities and quality of life.(14) Five studies examined the relationship 318 
between ST and various aspects of mental health in older adults; four were cross-sectional (33, 319 
63, 69, 70) and one was a longitudinal analysis with a 2-year follow-up.(71) Four of these studies 320 
used a self-report measure of ST and one used both an accelerometer and self-report.(33) The 321 
longitudinal study(71) found that total ST was not a significant predictor of depression diagnosis 322 
or increased depressive symptoms at 2-year follow-up.  323 
A cross-sectional analysis found that some sedentary behaviours, such as watching 324 
television, were associated with higher risk of adverse mental health outcomes while more 325 
cognitively engaging sedentary behaviours, such as using the internet or reading, were not.(69) 326 
However, even cognitively engaging sedentary behaviours were associated with higher odds of 327 
psychological distress if they exceeded 3 hours/day.(69) Two studies found no relationship 328 
between weekly TV time or total ST and either depression or anxiety.(63) Finally, one study 329 
found that sedentary behaviours such as watching TV and listening to the radio, were associated 330 
with lower depression in older men and women,(33, 70) however, it is important to note they did 331 
not assess the amount of time spent in these activities, only the types of leisure activities in 332 
which people participated. A dose-response relationship between ST and mental health outcomes 333 
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was either not evident (63) or the analysis strategy did not allow examination of that 334 
question.(33, 69-71)  335 
All the studies adjusted for age and sex. Gautam et al.(70) analyzed Nepalese men and 336 
women and found that while TV viewing was associated with lower risk of depression in both 337 
men and women, other behaviours, such as saying prayers, were only significant in men. They 338 
concluded that social and cultural norms about social behaviour are distinctly different and thus 339 
examining genders separately is important.  340 
Quality of Life and Wellbeing 341 
Seven studies were identified that examined the relationship between ST and quality of 342 
life (QOL) or wellbeing; only one(72) was longitudinal. Five studies used self-reported sitting 343 
time or sedentary leisure behaviour as a predictor of QOL,(72, 73) satisfaction with life, (70, 74) 344 
and successful ageing.(75) Two studies used device-based measures of ST and examined the 345 
relationship with both physical and psychosocial wellbeing.(76, 77) 346 
In cross-sectional analyses, more ST was associated with lower QOL and lower 347 
satisfaction with life (73, 74) as well as less successful ageing.(75) Conversely, Gautam et al.(70) 348 
found that watching TV as a leisure activity was associated with greater life satisfaction in 349 
women, but not in men, although there was no dose of TV time established or analysed. There 350 
was one study that found no significant relationship between measured ST and subjective 351 
wellbeing,(76) although it is worth noting that those participants had very high ST with an 352 
average of more than 11 hours/day of ST. Meneguci et al.,(73) found individuals who sat more 353 
than 5 hours/day had lower scores in both physical and social domains of QOL.  354 
A longitudinal study found that self-reported sitting time at baseline was inversely related 355 
with health-related QOL at 6-year follow-up, in a dose-response fashion.(72)  Isotemporal 356 
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substitution analysis was used to show that replacing 30-60 minutes of sitting time/day with 357 
activity is associated with improved QOL(72) and psychosocial wellbeing.(77) 358 
Dogra and Stathokostas (75) found that sedentary behaviours were more likely to be 359 
associated with social wellbeing outcomes in women than in men. No other age or sex 360 
differences were noted and all studies adjusted for age and sex. 361 
Sleep 362 
Sleep complaints are highly prevalent in older adults and associated with depression, and 363 
cardiovascular disease, as well as cognitive and functional impairment. (78) One intervention 364 
and three cross-sectional studies have examined the relationship between sleep and ST.  Madden 365 
et al.(79) found a significant inverse relationship between ST and sleep efficiency, but the effect 366 
was small, and likely of little clinical importance. Others found no relationship between either 367 
accelerometer-measured or self-reported ST and insomnia, sleep disturbances, daytime 368 
drowsiness, or poor sleep quality (33, 80) Asaoka et al.(81) conducted an intervention with 8 369 
older adults, and had them restrict their TV time to only 0.5 hours/day, for one week. While 370 
weekly TV time was 95% lower during the intervention week, there was no change in sleep-371 
wake patterns or total sleep time during the intervention. No sex or age differences were 372 
examined in any study.  373 
Conclusions: ST and geriatric-relevant health outcomes  374 
Overall there is sufficient evidence on relationships of ST with geriatric-relevant health 375 
outcomes to guide further research. It is apparent that there is an association between ST and 376 
physical function among older adults, however, our understanding of this association is 377 
hampered by the fact that the data are almost exclusively cross-sectional. The pattern of ST may 378 
also be important, with some cross-sectional studies showing that a more fragmented 379 
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accumulation of ST is positively associated with physical function; this is consistent with what 380 
has been shown in cross-sectional studies of disease risk factors and outcomes.(82, 83) 381 
Conclusions about relationships of ST with cognitive impairment and depressive 382 
symptoms are limited by the inconsistent measurement of ST in those studies and reliance on 383 
self-report methods that did not always quantify the volume of ST. Studies of well-being and 384 
quality of life have also been almost exclusively cross-sectional.  Furthermore, the type of ST 385 
may be an important factor in these relationships, with time spent in cognitively engaging 386 
behaviours appearing to be beneficial and more passive activities being detrimental to all 387 
outcomes. More research is needed to determine if this is a causal relationship or whether 388 
extraneous variables, such as SES, are confounding the association.   389 
The predominance of cross-sectional evidence also makes it difficult to rule out reverse 390 
causality; it is possible that poor cognitive function, impaired mobility, or poor mental health 391 
lead to an increase in ST, and not the other way around. There are only a limited number of 392 
prospective studies that suggest ST precedes poor health.(44, 46, 52, 72) In light of these 393 
limitations, there is insufficient evidence to identify a dose-response relationship between ST and 394 
geriatric-relevant health outcomes.  395 
Another issue that should be considered is the interaction between ST and physical 396 
activity. Both ST and physical activity are often simultaneously included in statistical models to 397 
determine if ST has an independent effect on health. Many of the studies presented here (~65%) 398 
adjusted their models for moderate to vigorous intensity physical activity (MVPA), although 399 
other approaches were used, including examining ST as a mediator(47) or using isotemporal 400 
substitution (77). Many studies simply analyzed ST and/or MVPA separately. Older adults spend 401 
a significant proportion of a 24 hour period in behaviours other than ST and MVPA, such as 402 
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sleep and light intensity physical activity, which may also have independent effects on health. 403 
(77) Maher et al. (84) posit that models should account for total physical activity instead of only 404 
MVPA. The type of adjustment that should be made, or whether an adjustment should be made 405 
at all, depends on a number of factors and assumptions, such as study design, collinearity 406 
between independent variables, the temporal and/or causal relationship between ST and physical 407 
activity, and whether there are independent biological mechanisms by which ST and physical 408 
activity influence the health outcomes being studied. (85) There is limited research in older 409 
adults that has addressed these issues, although some studies have examined the interaction of 410 
ST and physical activity. For example, Pavey et al.(86) showed that the association between ST 411 
and mortality in older women was only significant in those who were not physically active. More 412 
work is needed that considers all movement behaviours and intensities in a day, and the balance 413 
between them.(87, 88)  414 
Effectiveness of Interventions on Older Adults Sedentary Time 415 
The evidence summarized in the previous section suggests that reducing ST could have 416 
beneficial effects on health in older adults. One could speculate that replacing ST with standing 417 
and light activity is a more feasible goal than increasing MVPA. However, intervention research 418 
in this population is limited. There are a variety of possible approaches to reducing ST in older 419 
adults. Some focus specifically on reducing ST while others focus on increasing physical 420 
activity, on the assumption that people will reallocate leisure time they normally spend sedentary 421 
to physical activity. Interventions may target individual behaviour or environmental and 422 
organization level policies that tend to inadvertently promote ST.  423 
Of the available intervention studies in older adults, five were randomized trials 424 
presented in six papers (89-94) and seven were quasi-experimental pre-post design or feasibility 425 
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studies.(81, 95-100) In four studies, the intervention was a physical activity intervention (89, 91, 426 
93, 94) while the others either focused only on ST (81, 95-99) or on both ST and physical 427 
activity.(92, 100) Notably, all of the intervention studies were conducted on relatively young and 428 
healthy older adults who were able to exercise independently. 429 
The interventions varied considerably in length, and all targeted individual behaviour 430 
change; no interventions focused on the environment or organization level. Some studies 431 
assessed the impact of their intervention on ST within 1-8 weeks (81, 95-100) while other 432 
interventions lasted six months to a year.(89, 91, 93, 94) The intervention strategies included 433 
one-time consultations,(81, 95, 97) consultations with follow-up support in person or by 434 
telephone, (92, 99) and mailed written information.(98) More details on the interventions can be 435 
seen in supplemental Table 1.  436 
Changes in ST were reported as either changes in total ST, changes in prolonged ST, or 437 
changes in time spent in specific sedentary behaviours. Three studies did not find a statistically 438 
significant reduction in total sitting time.(89, 92, 93) From the studies that reported changes, the 439 
reduction in total ST ranged from approximately 51 minutes per day (99)in studies using an 440 
inclinometer to as much as 120 minutes/day(94) in studies using self-report. One study used an 441 
inclinometer to evaluate an intervention and found a decrease in sitting and lying time of 25 442 
minutes/day; however, they did not exclude sleep time from their analysis which limits any 443 
potential conclusions about the benefits of the intervention.(97)  Other interventions focused on 444 
specific behaviours such as television viewing; one of these reported that TV time was 445 
significantly reduced by 32 minutes/day.(99) In another study where older adults were 446 
specifically told to restrict TV time to 30 minutes/day, TV time decreased from 322 minutes/day 447 
to 16 minutes/day.(81) Finally, three studies reported an increase in the number of breaks in 448 
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ST(95, 99) or sit to stand transitions.(96)  In most of the studies the intervention also resulted in a 449 
significant increase in physical activity, particularly when assessed by self-report. Two studies 450 
that used an inclinometer found sitting time was primarily replaced with standing as opposed to 451 
stepping.(96, 99) The potential health benefits of more standing for older adults are not known.  452 
Several studies found decreases in ST that could theoretically be clinically important. 453 
Based on a cross-sectional analysis, Rosenberg et al. (33) observed that for every 1 hour increase 454 
in ST, older adults had a 21-second increase in time to complete a 400 m walk test and a 0.55 455 
lower score in the short physical performance battery. Both of these differences would be 456 
considered clinically meaningful.  While several of the intervention studies reviewed here found 457 
decreases in ST that exceeded an hour, few studies reported on changes in health outcomes as a 458 
result of the intervention. One study found that reduced sitting time was associated with telomere 459 
lengthening in blood cells.(90) Barone Gibbs et al.(92) found that participants in the ST 460 
reduction group had significant improvements in the physical function and the pain component 461 
of a quality of life scale, despite the fact that total ST did not change. Finally, in a study 462 
assessing the impact of TV time restriction on sleep, no changes were noted in sleep-wake 463 
patterns as a result of the intervention.(81) It is important to note that most of the intervention 464 
studies in older adults were short-term and none were longer than a year. Thus, the available 465 
evidence does not clarify if intervening to reduce ST in older adults will be beneficial for health 466 
outcomes. Long-term follow-up studies with sustained behaviour change are needed to determine 467 
if reducing sedentary time will have an effect on health. 468 
Conclusions: Reducing ST in older adults 469 
It appears that reducing ST in older adults is feasible through ST and physical activity 470 
interventions. A meta-analysis of 33 studies conducted by Prince et al.(101) indicated that among 471 
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adults, interventions that specifically target ST are more effective at reducing ST than physical 472 
activity interventions; however, there are insufficient studies to date to allow us to draw a 473 
conclusion specifically for older adults. From the studies reviewed here, all interventions that 474 
had non-significant findings were either physical activity interventions or a combination of 475 
physical activity and ST interventions. RCT studies using sufficiently large sample sizes are 476 
needed to determine how best to reduce ST and to better understand the effects of ST on changes 477 
in geriatric-relevant health outcomes. Furthermore, few intervention studies addressed sex and 478 
gender differences which could be important as differences between men and women in 479 
functional fitness and patterns of ST may impact intervention effectiveness.  480 
 481 
OVERALL CONCLUSIONS 482 
The available self-report tools consistently underestimated total sitting time. However, it 483 
is evident that both the dose and the type of sedentary behaviour is important to health outcomes, 484 
as some sedentary behaviours, such as reading or use of computers, could benfit older adults. 485 
Therefore, tools are needed to accurately quantify the context of ST, including both the dose and 486 
the type.  487 
While effects of ST on chronic disease and all-cause mortality are important, more 488 
research is needed on the major categories of impairment among older adults as they 489 
significantly impact independence and quality of life. These categories of impairment better 490 
speak to the multi-morbidity and mobility impairment that older adults experience and this is an 491 
issue that also needs to be addressed through ST intervention research.  While several feasibility 492 
studies and RCTs have successfully reduced ST in older adults, few have assessed the impact of 493 
such changes on health outcomes and impairments. Furthermore, all intervention studies to date 494 
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have focused on the individual-level change; there are no studies assessing the impact of 495 
environmental or organizational interventions on ST reduction. There is limited research on 496 
adults over the age of 80, those in assisted living facilities, or those with mobility impairments. 497 
Finally, there are potential age, sex, and gender differences in ST and health outcomes that have 498 
not been adequately addressed. At this critical point in time, as research on ST and healthy 499 
ageing research is just beginning, and the ageing population is growing dramatically, consensus 500 
is needed on future research priorities.  501 
 502 
ACKNOWLEDGEMENTS  503 
Funding for this consensus statement was provided by the Canadian Institutes for Health 504 
Research, Institute of Gender and Health,  Planning and Dissemination Grant– Institute 505 
Community Support, and the Canadian Society for Exercise Physiology.  506 
25 
 
SUMMARY BOXES FOR EACH SECTION OF THE REVIEW 
Summary Box 1: Measurement of  Sedentary Time 
Available self-reported sedentary time measurement tools underestimate total sedentary time. 
Self-report is needed to provide context to sedentary behaviour; however, self-report of some 
sedentary behaviours is more accurate than others.  
 
Summary Box 2: Sedentary Time and Geriatric-Relevant Health Outcomes  
Physical Function* 
Sedentary time is inversely associated with physical function and fall risk. Older women may 
be particularly susceptible to losses in physical function related to sedentary time.  
Cognitive Function* 
Total sedentary time is inversely associated with cognitive function; however, the association 
depends on the specific type of sedentary behaviour. Some cognitively engaging sedentary 
behaviours may have benefits, while more passive behaviours may be detrimental to cognitive 
function. Studies of sedentary time and cognitive function in older adults used inconsistent 
measures of sedentary time. 
Urinary Incontinence  
There is no evidence of a significant association between sedentary time and urinary 
incontinence at this time. However, the potential impact of sedentary time on the strength of 
pelvic floor muscles provides biological plausibility for an association.  
Depressive Symptoms and Overall Mental Health* 
There is minimal evidence of a significant association between sedentary time and depression 
or other mental health outcomes at this time. Studies of sedentary time and mental health in 
older adults used inconsistent measures of sedentary time. 
Well-Being and Quality of Life* 
Sedentary time is inversely associated with quality of life and psychosocial well-being. This 
association may be stronger in women than in men.  
*These statements are based primarily on cross-sectional evidence. 
Summary Box 3: Interventions to Reduce Sedentary Time 
Interventions to reduce sedentary time by targeting individual level behaviour change appear 
to be feasible. Most of the studies to date have been short-term.   
There is limited evidence on the effectiveness of reducing sedentary time on geriatric-relevant 
health outcomes. 
 
So What? 
Sedentary time may be associated with physical and cognitive function among older adults, 
both of which could affect functional autonomy.  
Short-term reduction in sedentary time is feasible among older adults.  
Conclusion: There is limited evidence of a relationship between prolonged sedentary time and 
geriatric-relevant health outcomes; the dose of sedentary time associated with clinically 
relevant risk is not known at this time. More longitudinal research is needed to determine if 
26 
 
sustained changes in sedentary behaviour among older adults are feasible, and if reducing 
sedentary time will positively impact mobility, quality of life, and healthy ageing. 
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